Photoinduced oxidation process of poly͓2-methoxy-5-͑2Ј-ethyl-hexyloxy͒-1,4-phenylene vinylene͔ is probed by using broadband transient grating technique. The results suggest that the damage of bonds in the side and main chains leads to the line shape variation and efficiency decreasing of luminescence in photoluminescence quenching, and their temporal evolution and damage rates are found to vary with molecular energy states. © 2008 American Institute of Physics. ͓DOI: 10.1063/1.3045953͔
The electronic and optical properties of poly͓2-methoxy-5-͑2Ј-ethyl-hexyloxy͒-1,4-phenylene vinylene͔ ͑MEH-PPV͒ have been widely investigated due to their utility in organic optoelectronic devices. [1] [2] [3] Studies suggest that the photo-oxidation can easily occur in the films of MEH-PPV ͑Ref. 4͒ and lead to the photoluminescence quenching involving the luminescence line shape variation ͑LLV͒ and the luminescence efficiency decreasing ͑LED͒. 5, 6 Yan et al. 7 reported that the damage of vinyl groups influences the transport of exciton 8 and gives rise to the photoluminescence quenching. 9 However, it is not determined whether other chemical bonds participate in the photoluminescence quenching. In the present paper, we investigate the photo-oxidation process of MEH-PPV by using broadband transient grating ͑BTG͒ technique 10 and discuss in detail the mechanism of the photoluminescence quenching such as LLV and LED.
MEH-PPV films were fabricated by spin coating and airing at room temperature ͑20°C͒. The experimental setup is illustrated in Fig. 1͑a͒ . The pulse of about 110 fs duration centered at 800 nm from a regenerative amplifier ͑1 kHz, Spectra-Physics, Spitfire͒ is divided into two beams by a beam splitter ͑BS͒. One pumps an optical parametric amplifier ͑OPA-800C, Spectra Physics͒ to produce two pump beams ͑k 1 and k 2 ͒ with BS, and the other focuses to a 4 mm Al 2 O 3 crystal to produce a white light continuum ͑WLC͒ acting as a probe pulse ͑k 3 ͒. The single pulse energy produced ranges from 0.5 to 10 J. The BOXCARS configuration allows the background-free detection of the BTG signal ͓Fig. 1͑b͔͒ and the detection setup consists of a spectrometer ͑Optics 250IS/SM, Bruker͒ and an intensified chargecoupled device ͑ICCD͒ camera ͑IStar 740, Andor͒.
The possible optical transitions in BTG are given in Figs. 1͑c͒ and 1͑d͒. When pump pulses temporally overlap in the sample, interference creates a spatially periodic intensity pattern that generates a population grating. Due to intramolecular energy transfer, the population is distributed in multiple vibrational levels in excited state ͓Fig. 1͑c͔͒ or ground state ͓Fig. 1͑d͔͒ ͑Ref. 11͒ so they can be detected by WLC pulse and lead to multiple peaks in BTG signal, and their information are also offered by the optical transition between eЈ and gЈ energy levels through vibrational-electronic coupling. The energy separation between peaks should be equal to the energy spacing between vibrational modes so the frequencies of probed vibrational modes and corresponding chemical bonds can be determined.
Four splitting peaks are in the range of 550-650 nm, as shown in Fig. 2 , and labeled by v i ͑i =1-4͒ according to their frequencies even though they do not appear simultaneously in the same spectrum. Since the signal wavelength is longer than those of pump pulses, the peak in the signal a͒ Author to whom correspondence should be addressed. Fig. 2͑d͒ . Since the signal intensity decreases with the exposure time increasing, chemical bonds probed by BTG are broken up in the photo-oxidation process. Figure 2͑a͒ indicates that the C-C bond of phenyl ring, the C-O-C bond in the side chain, and the C-H bond of vinyl group are broken up. Even though the C-H bond of vinyl group belongs to conjugated groups, its breakup does not destroy the -conjugated system. Therefore, its damage decreases the exciton luminescence through influencing the exciton migration. The breakup of the C-C bond in phenyl group destroys the conjugated group, so the yielding of exciton decreases because of the damage of luminescence chromophore, and the luminescence efficiency also decreases. The damage of bonds in main chain leads to the LED. The product of the damage of C-O-C bond is considered to be a new derivative of PPV so its luminescence line shape is different with that of MEH-PPV such as the variation in spectral structure and the shift in lineshape. 17 Consequently, the damage of a C-O-C bond is responsible for the LLV, which agrees well with the previous reports. 8 The bond of benzene ring and the C-H bond of vinyl group are broken up, as presented in Fig. 2͑b͒ . Similar to the C-C bond ͑1586 cm −1 ͒, the breakup of bonds in the benzene ring ͑such as the C = C bond at 605 cm −1 ͒ plays the same role in the LED because it also destroys the luminescence chromophore through damaging the conjugated group. According to the similarity in the type of damage bonds, as shown in Figs. 2͑a͒ and 2͑c͒, the mechanism of photoluminescence quenching, when MES is at 2.35 eV, is the same as that occurring when MEH-PPV is at 2.24 eV.
The temporal evolutions of signal offer the information of photo-oxidation processes of chemical bonds. According to the photo-oxidation process, the linear and exponential functions are used to fit the damage processes in Fig. 3 as follows:
where k l and k e are linear and exponential damage rates of chemical bonds, t is the exposure time, and C are the constants to describe the background in the signal. The fitted results are summarized in Table I and presented in Fig. 3 . Figure 3͑a͒ indicates that the sequence of damage rates of chemical bonds is in contrary with that of their energy levels in the vibrational ladder, which implies that the vibrational energy directly influences the damage rate of a given bond. As shown in Fig. 3͑b͒ , the damage rate of the C-H bond becomes the fastest, even though its vibrational energy level is not the lowest according to the fitted result. Therefore, damage rates have been free of the vibrational energy of chemical bonds and their sequence becomes disorderly at this MES. The exponential photo-oxidation process ͑v 4 mode͒ also occurs when the MES is at 2.35 eV. Since the intensities of v 2 and v 3 modes are too weak to be discriminated in BTG spectrum, as seen in Fig. 2͑c͒ , their temporal evolutions and damage rates are not offered. As seen in Fig.  3 , the temporal evolution of v 4 mode gradually evolves from linear decay to exponential decay with the MES rising, indicating that the photo-oxidation process follows an exponential decay. However, if the MES is much low ͑at 2.24 eV͒, the photo-oxidation process varies so slow that it shows a linear form. When the MES rises, the photo-oxidation process becomes fast and exhibits an exponential decay. Due to inhomogeneous broadening, 18 the BTG signal actually covers multiple vibrational modes in the region from 605 to 1586 cm −1 . The four bonds discussed above are the strongest ones and play a major role in the photoluminescence quenching in comparison with other bonds. In summary, the mechanism of photoluminescence quenching of MEH-PPV is investigated by BTG technique. The damage of chemical bonds is responsible for the LLV and LED, and their temporal evolutions and damage rates depend on the MES.
